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Lawrence D. Johnson 
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SYNOPSIS: The vertical deformation behavior of the 3.5-ft thick mat supporting an 11-story addition 
to the Wilford Hall Hospital complex near San Antonio, Texas. was investigated to determine the mode 
of deformation and to develop a procedure for estimating the effective stiffness of the foundation 
soil. The observed distortion pattern is dish-shaped and consistent with that of a plate on a semi-
infinite elastic foundat i on. Measured displacements are consistent with di splacements calculated by 
a plate on elastic foundation f i nite element program using effective elastic soil moduli between 
2,943 and 4,000 ki ps / square foot and poisson's ratio 0.3. An equation was derived for estimating 
effective elastic so i l moduli for soil with elastic modulus increasing linearly with depth. 
INTRODUCTION 
The behavior of soil foundations. especially in 
expansive soil areas, is difficult to predict 
with any reliability. An investigation of mat 
foundations was therefore initiated to deter-
mine a suitable method for evaluating appropri-
ate soil input parameters requ i red for design. 
A foundation selected for study is the mat 
addition to the hospit~l complex located in the 
northwest portion of lackland Air Force Base 
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structed in 1977 and it supports an 11-story 
tower. This mat is adjacent to and east of the 
existing hospital complex supported ·on drilled 
shafts. The mat is 3.5 ft (feet) thick by 
108.33 ft wide by 209.33 ft long and it was 
placed in an excavation 27 ft below the exist-
ing ground surface. Steel reinforcement in the 
mat constitutes 5 percent of the cross-section 
and it is located in both top and bottom parts 
of the mat. The superstructure is built of a 
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Fig 1. Foundation Plan (Note: Column loads given in kips, dimensions fn feet and inches) 
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structural steel frame supporting a masonry 
facing. 
LOAD PATTERN 
Figure 1 shows the plan and column load distri-
bution on the mat. Total dead and live column 
loads are about 55,000 kips plus 12,000 kips 
contributed by the mat weight leading to a 
total building weight of about 67,000 kips. 
Weight of soil displaced by the building is 
about 74,000 kips so that there may be a small 
net loss of weight on the foundation soil 
beneath the mat. The loads applied to the 
foundation soil are slightly greater toward the 
right or east end of the mat, Figure 1. The 
applied pressures on the foundation soil are 
less than the maximum past pressures of the 
soils in the strata. 
SOIL PARAMETERS 
A soil investigation indicated an expansive 
plastic CH clay overburden and shale with a 
perched water table about 23 ft below ground 
surface, Figure 2. The soil profile consists 
of overburden, Lower Midway, and Navarro forma-
tions with an occasional stratum of clayey 
gravel in the vicinity of the perched water 
table. Results of one-dimensional consolidom-
eter swell tests using Method A of ASTM Stan-
dard Test Method D 4546 indicate potential for 
swell in the overburden down to about 17 ft 
below ground surface and within a 10-ft thick-
ness of soil just beneath the base of the mat. 
The Young's elastic modulus determined from 
results of unconsolidated undrained strength 











































taken from depths within 50 ft beneath the base 
of the mat can be approximated as increasing 
linearly with depth 
kz ( 1 ) 
where: Es initial hyperbolic modulus, kips/ 
square foot (ksf) 
k constant relating the elastic 
modulus with depth, ksf/ft 
z depth, ft 
The initial hyperbolic modulus is evaluated 
after the method of Duncan and Chang (1970). 
The value k varies within the range of 24 to 
32 ksf/ft, Figure 2. 
A semi-empirical equation for estimating the 
effective modulus beneath a mat in a semi-
infinite elastic medium with the modulus in-
creasing linearly with depth was derived from a 
parametric study using the method of Kay and 
Cavagnaro (1983) 
E * s 
where: E * s 
R 
2kR(1 
0.7 + (2.3 - [~b] 
effective soil modulus, ksf 
equivalent mat radius ~, 
85. 06 ft 
L mat length, 209.83 ft 
B mat width, 108.33 ft 
OVERBURDEN 
PRESSURE ,O"v• KSF 
2 4 6 8 
Poisson's ratio of soil 
Depth of mat base below ground 
surface, 27 ft. 
UNDRAINED SHEAR 
STRENGTH, Cu. KSF SOIL. MODUL.US, E5, KSF 










Fig. 2. Soil Parameters 
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From Equation 2, Es* = 2,976 ksf if 
k = 24 ksf/ft and 3,968 ksf if k = 32 ksf/ft. 
The Kay and Cavagnaro method (1983) led to a 
value of Es* = 2,943 ksf for the lower 
bound value of k • 
ANALYSIS OF SETTLEMENT 
Two soil-structure interaction analyses were 
performed using a slab on a semi-infinite elas-
tic solid finite element computer program SLAB2 
modified and applied by Wray (1978). Input 
load parameters included the column loads shown 
on Figure 1 and a uniform bearing pressure of 
0.5 ksf to simulate weight of the concrete 
mat. A lower bound value of Es* = 2,943 ksf 
and fJ.s = 0.3 were used for the soi 1 param 
eters. Mat parameters assumed a Young's modu-
lus of 432,000 ksf and Poisson's ratio of 0.15. 
The first analysis used as a mat thickness of 
3.5 ft, which assumes no significant stiffness 
contributed by the superstructure. The second 
analysis used a much larger mat thickness of 36 
ft, which considers a nearly rigid stiffness 
contributed by the superstructure. 
The results of the first analysis using low 
structural stiffness led to a maximum center 
settlement of about 1.7 inches and edge settle-
ment of 1.1 inches, Figure 3. The results of 
the second analysis using the nearly rigid 
structural stiffness led to a nearly uniform 
settlement of about 1.3 inches. Substituting a 
higher bound value of Es* = 4,000 ksf for the 
effective soil modulus will decrease these set-
tlements about 33 percent, Figure 3. Settle-
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ment points shown from left to right on Figure 
3 for Section A, long direction, correspond 
with nodal points from left to right in Section 
A on Figure 1 (i.e., nodal points 6, 16, 
26, .... 156, 176). Settlement points shown 
from left to right on Figure 3 for Section B, 
short direction correspond with nodal points 
from bottom to top in Section B on Figure 1 
(i.e., nodal points 101, 102, .••• 109, 110). 
LEVEL OBSERVATIONS 
Level surveys were initiated immediately after 
construction of the mat foundation in 
December 1977 and were performed at 19 loca-
tions on the mat surface through May 1985. 
The reference permanent benchmark is set 65 ft 
below ground surface. These surveys through 
May 1985 indicate most settlement of about 1.3 
inches near the center decreasing to about 0.8 
inches along the east and west edges furthest 
from the center, Figure 4. Settlement was 
relatively uniform parallel with the short 
direction. These settlements do not include 
settlement of the mat during its construction. 
The observed distortion pattern in Figure 4 is 
dish-shaped and consistent with the calculated 
distortion pattern shown in Figure 3. The 
November 1983 survey indicated a slight heave 
toward the west relative to the August 1978 
survey, Figure 4. This heave may be related to 
the potential for swell of soil within 10 ft 
beneath the mat base and slightly less column 
loads toward the west. 
Settlements calculated using effective moduli 
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Fig. 3. Settlements 
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displacements of the mat. Therefore, estimates 
of the effective elastic modulus using Equation 
2 with upper and lower values of k described 
in Equation 1 and shown in Figure 2 are ade-
quate. Exclusion of the uniform mat weight of 
about 0.5 ksf in the finite element analysis 
(to be consistent with the observed settle-
ments) will reduce the calculated settlements 
about 0.1 inch. The mat appears to have a 
relatively low structural stiffness in the ~long 
direction, Section A, with an effective modulus 
between 4,000 and 2,943 ksf. The mat appears 
to be relatively stiff in the short direction, 
Section B. Note that both calculated and ob-
served settlements tend to increase in magni-
tude from left to right in Figure 3 consistent 
with the heavier loads toward the right or east 
end of the mat. 
CONCLUSIONS 
Comparison of observed with calculated settle-
ments shows that the distortion pattern is 
consistent with a plate on a semi-infinite 
elastic medium. An appropriate range of effec-
tive elastic soil moduli may be evaluated for 
evaluation of settlement beneath slabs and the 
range depends on reasonable estimates of the 
upper and lower bound values of elastic modulus 
of the soil strata for substantial distances 
beneath the mat. The assumption of the soil 
elastic modulus increasing linearly with depth 
is adequate for this case history. Applied 
loading pressures must be less than the maximum 
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Fig. 4. Level Surveys 
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